Evaluations of several commercial presence-absence (P-A) test kits were performed over a 6-month period in 1990 by using the Ontario Ministry of the Environment (MOE) P-A test for comparison. The general principles of the multiple-tube fermentation technique formed the basis for conducting the product evaluations. Each week, a surface water sample was diluted and inoculated into 25 99-ml dilution blanks for each of three dilutions. The inoculated dilution blanks from each dilution series were randomly sorted into sets of five. Three of these sets were inoculated into the P-A test kits or vice versa, as required. The other two sets were passed through membrane filters, and one set of five membrane filters was placed onto m-Endo agar LES to give replicate total coliform counts and the other set was placed onto m-TEC agar to give replicate fecal coliform results. A statistical analysis of the results was performed by a modified logistic transform method, which provided an improved way to compare binary data obtained from the different test kits. The comparative test results showed that three of the four commercial products tested gave very good levels of recovery and that the fourth commercial product gave only fair levels of recovery when the data were compared with the data from MOE P-A tests and membrane filter tests. P-A bottles showing positive results after 18 h of incubation that were subcultured immediately in ECMUG tubes frequently could be confirmed as containing total coliforms, fecal coliforms, or Escherichia coli after 6 h of incubation; thus, the total incubation time was only 24 h. The presence of anaerogenic coliforms and Aeromonas spp. and presumptive positive occurrences were also recorded for consideration as possible indicators of deteriorating water quality. A limited number of split-sample analyses were performed with drinking water samples for two of the commercial P-A test kits; the results showed that the level of indicator organism recovery was equivalent to that of the MOE P-A test.
Examination of bacteriological water samples to determine whether the quality of the water is acceptable for drinking and other domestic purposes has traditionally been done by most-probable-number (MPN) procedures or the membrane filter (MF) technique (1) . Interest in presenceabsence (P-A) methods for determining the microbiological quality of drinking water has increased dramatically in the last 10 years. This methodology became officially available on 31 December 1990, when the Total Coliform Rule, promulgated by the U.S. Environmental Protection Agency, became effective (10) . The new regulation changed the manner of reporting total coliforms from numbers per 100 ml to the presence or absence of total coliforms in 100 ml of sample. Prior to the promulgation of the new regulation, several studies were done to compare the P-A test with the MF technique and the MPN procedure (otherwise known as the multiple-tube fermentation method). These studies essentially demonstrated that the P-A test was equivalent to or better than the MF and MPN techniques for detecting total coliform organisms (2, 12, 15, 16) .
About the same time, an alternative test procedure for detecting total coliforms and Escherichia coli was being investigated (8, 9) . One part of the test involved the substrate o-nitrophenyl-p-D-galactopyranoside; when this substrate was acted upon by an enzyme produced by total coliform bacteria, it released o-nitrophenyl, giving a yellow color to the broth medium. The other part of the test involved the COMMERCIAL P-A TEST KITS 381 less expensive P-A test kits (the Hach Disposable test kit and the Hach Vial or Tube test kit), both of these test kits were included in the comparative evaluation. The latter test kits were similar to the MOE P-A test and contained a lactosebased medium supplemented with bromocresol purple to indicate lactose fermentation by coliform bacteria; the media in these test kits also contained the 4-methylumbelliferyl-,B-D-glucuronide reagent to determine the presence of 3-glucuronidase from E. coli.
MATERIALS AND METHODS
P-A test kits. The four commercial P-A test kits mentioned above were purchased for analysis of 100-ml samples and were evaluated over a 6-month period starting at the end of May 1990. The Colilert and Coliquik test reagents were in powder form in screw-cap glass tubes and plastic pillows, respectively. Each reagent was added to a 100-ml sample, which was shaken to dissolve the powder. Each Hach Disposable test kit consisted of a plastic bottle containing about 50 ml of triple-strength medium to which 100 ml of a sample was added. Each Hach Vial test kit consisted of a small plastic vial that held about 25 ml of concentrated medium, which was added to 100 ml of a sample; the preparation was then shaken to mix the contents.
Because of certain time and space limitations, only two commercial test kits could be compared with the MOE P-A test and the MF methods used for detection of total coliforms and fecal coliforms at any one time. Four groups of test evaluations were done in the Central (Toronto) Laboratory, Etobicoke, Ontario, Canada, and one group of test evaluations was done in the London Regional Laboratory, London, Ontario, Canada.
Test protocol. Although the P-A test was intended primarily for examination of samples obtained from distribution systems, these types of samples rarely produce positive test results except on certain unpredictable occasions. This attribute makes distribution systems poor sources for samples when new tests or media must be evaluated in a short period of time. For this reason, a surface water sample was used as a source of indicator organisms.
A sample for the Toronto laboratory was usually collected each Monday from a local river, the Humber River, in a sterile 300-ml plastic bottle containing sodium thiosulfate. This sample was used for analyses on the day of collection and then was refrigerated and used the following day for another set of analyses. Samples for the London Regional Laboratory were collected weekly from various locations that were polluted by sewage or food wastes.
The general principles of the multiple-tube fermentation technique were used to dilute out to extinction the indicator organisms in each sample (1) . Each week, three appropriate decimal dilutions of the surface water sample were prepared, and 1-ml volumes of each dilution were inoculated into 25 99-ml sterile buffered dilution blanks, as shown in Fig. 1 . Each dilution blank then became a 100-ml sample for inoculation into one of the P-A test kits or filtration through an MF. The inoculated dilution blanks or samples from each 25-bottle dilution series were randomly sorted into sets of five. One set of five samples was inoculated into five P-A bottles used for one of the P-A test kits; the second and third sets were treated similarly for the other two P-A test kits. The fourth set of five 100-ml samples was passed through five MFs, each of which was placed onto m-Endo agar LES (Difco); the fifth set was treated in a similar manner, and the membranes were placed onto m-TEC agar (Difco). 0 0 000 00 0 00 00 00 0 00 0 00 00 0 00 00 00 0 00 0 00 00 0 00 00 00 0 00 0 00 00 0 00 00 00 0 00 0 00 00 0 00 00 00 0 (4) . The bottles were examined as soon as 18 to 21 h after inoculation, but they were also examined at 24, 28, 48, and 72 h, depending on the test kit being evaluated. Inocula (0.05 ml) from each P-A bottle showing evidence of a positive result were transferred into two tubes containing ECMUG broth; one of these tubes was incubated at 35°C, and the other was incubated at 44.5°C. The ECMUG broth tubes inoculated with material from positive 18-to 21-h P-A bottles were read after 6, 24, and 48 h of incubation. All other tubes were read after 24 and 48 h. The indicator groups distinguished by the confirmatory tests included total coliforms, fecal coliforms, E. coli, Aeromonas spp., and anaerogenic coliforms. Figure 2 shows how we interpreted the ECMUG broth tube results. Gas production at 35°C was scored as a positive result for total coliforms; gas production at 44.5°C was scored as a positive fecal coliform result. Gas production was indicated by the presence of effervescence at 6 h and gas accumulation in the small inverted tubes after 24 to 48 h. UV fluorescence at either temperature was considered a positive result for E. coli on the basis of the results of a previous in-house study; in this study the researchers used Enterotubes (Hoffman-LaRoche Ltd., Vaudreuil, Quebec, Canada), and E. coli was isolated and identified from 97% of 36 samples which produced gas and fluorescence in ECMUG broth at either 35 Before the results of any two bacteriological tests were compared, an overall statistical test for homogeneity or for the equality of k bacteriological tests (k > 2) was made, so that Since Dji has a chi-square distribution with a single degreeof freedom, the statistic Wii = (Zj -Zi)J/\Vj+Vi was computed for every pair (, i) of bacteriological tests, and the resulting data were compared with the quartiles of the standard normal distribution to determine the significance of paired comparisons of the various bacteriological tests for either total coliforms or fecal coliforms. As noted previously, MF results were determined on a P-A basis for the purpose of applying the test statistics described above.
Routine drinking water sample analysis. The Hach Vial test kit was chosen in 1991 for an additional study of drinking water samples obtained from municipal distribution systems. Each week, several sample submissions from various municipalities were chosen for parallel P-A analyses. A 100-ml volume of a sample was analyzed by using the MOE P-A test medium, and another 100 ml of sample from the same bottle was analyzed by using the Hach Vial test kit. The results for all of the samples that produced presumptive positive test results were confirmed by using the procedure described previously (4) . The parallel P-A analyses were performed in the Central (Toronto) Laboratory, the London Regional Laboratory, and the Thunder Bay Regional Laboratory. The Thunder Bay Regional Laboratory also had some Hach Disposable test bottles that were available to perform parallel analyses on some drinking water samples. RESULTS P-A test kit evaluation. The results of the comparative evaluation of the commercial P-A test kits are shown in Table 1 along with the results of the homogeneity tests done on the recovery data obtained for total coliforms and fecal coliforms for each of the five evaluation studies. Although a five-tube, three-dilution procedure was used throughout to achieve extinction of the target organisms (i.e., few or no total coliforms in the highest dilution), the total number of MF or P-A positive samples from each set was determined for comparative purposes; this was done instead of displaying the data in an MPN format. For statistical analysis, the proportion of one set of positive samples was compared with the proportion of another set of positive samples by using a modified logistic transform procedure. This procedure simplified the overall evaluation and was used for comparisons of levels of target organism recovery in both P-A and MF inoculation of confirmatory ECMUG broth tubes ( Fig. 2 ) with 0.05-ml inocula from positive P-A bottles are shown in The fluorescent responses shown in Table 4 appeared more quickly than the gas responses. More than 80% of the ECMUG broth tubes that were incubated at 35°C and inoculated from MOE P-A, Hach Disposable, and Hach Vial test kits were positive after 6 h. A lower level of fluorescent response was observed with the Colilert and Coliquik tests, but even with these two tests, the fluorescent responses (77 and 59%, respectively) were better than the gas responses (45 and 28%, respectively). A comparison of the fluorescent responses at 35°C with the fluorescent responses at 44.5°C showed that more fluorescent tubes occurred after 6 h at 35°C. By 24 h, 94% or more of the tubes at both 35 and 44.5°C had become positive, and the remainder became fluorescent within 48 h. The numbers of fluorescent tubes at 35 and 44.5°C were quite similar to each other and to the numbers of tubes positive for gas production at 44.5°C, in contrast to the higher number of gas-positive tubes at 350C.
Drinking water sample analyses. A total of 2,108 splitsample, analytical tests were done on municipal drinking water samples in the Toronto laboratory and two regional laboratories by using the Hach Vial test medium and the MOE P-A test medium. The Thunder Bay Regional Laboratory also performed split-sample analyses by using a set of 115 Hach Disposable bottles along with the MOE P-A test medium. The results of these analyses are shown in Table 5 .
No statistical analysis was performed on this data as the variation in parameter recovery levels for total coliforms, fecal coliforms, and E. coli was very minimal for all of the parallel test analyses. The largest variation occurred with the Hach Vial test, which produced more presumptive positive tests; however, none of the usual indicator groups was isolated or confirmed. This type of result was more prevalent in the London Regional Laboratory than in the other two laboratories.
DISCUSSION The primary purpose of this study was to evaluate the various commercial P-A test kits which have been marketed recently to detect the presence of total coliforms and E. coli. A secondary purpose of this study was to determine whether confirmed results for total coliforms, fecal coliforms, or E. coli could be obtained within 24 h by the MOE P-A test procedure to make this test comparable to the Colilert and Coliquik test kits, which according to the manufacturers can detect total coliforms and E. coli within 24 h. Our experiments were performed over a period of several months. We compared two test kits at a time, and the Colilert, Coliquik, Hach Disposable, or Hach Vial test was compared with the routine MOE P-A procedure and the total coliform MF test by using m-Endo agar LES and with the fecal coliform test by using m-TEC agar.
The results of the first group of evaluations ( In an attempt to speed up the identification and confirmation of total coliforms, fecal coliforms, and E. coli by the MOE P-A test, confirmation tests were performed with a pipetting device equipped with sterile disposable tips which delivered 0.05-ml inocula from the P-A bottles into ECMUG broth tubes rather than with just loopfuls of inoculum. P-A test preparations inoculated on the previous day either in the morning or in the early afternoon were removed from the incubator the following morning, and inocula from presumptively positive P-A tests were transferred into ECMUG broth tubes by 9:00 to 9:30 a.m. By 3:00 to 3:30 p.m. of the same day, tubes that produced fluorescence at either 35 or 44.5°C were considered to have E. coli present, and tubes that produced effervescence at 35°C when they were shaken were considered to have total coliforms present; tubes that produced effervescence at 44.5°C were considered to have fecal coliforms present (Table 4) .
In effect, this procedure permitted confirmation of total coliforms, fecal coliforms, and E. coli within 24 to 28 h for approximately 60% of the samples from which total and fecal coliforms were ultimately isolated, and in the case of E. coli the average level of response was 80% for the test kits in which P-A broth was used. In the case of the Colilert and Coliquik tests, the confirmation response was slower, presumably because the organisms had to readjust their enzyme systems to working in a more enriched medium.
Each of the EC medium tubes that produced effervescence within 6 h contained a sizable quantity (>10%) of gas in the inverted tube by the following day; if only weak fluorescence was detected within 6 h, much stronger fluorescence was present after 24 h. With 40% or more of the tubes, obvious gas production was not observed until after 24 h of incuba-VOL. 59, 1993 on November 6, 2017 by guest http://aem.asm.org/ 388 CLARK AND EL-SHAARAWI tion, and with fluorescence about 20% or more of the tubes were not sufficiently fluorescent to be detected until after 24 h. Surprisingly, fluorescence was detected earlier when the preparations were incubated at 35°C than when they were incubated at 44.5°C (Table 4) .
Indicator organisms were detected and recovered much less frequently from drinking water samples than from the diluted river and sewage samples which were used in the first part of the study. However, except The presence of total coliforms, fecal coliforms, or E. coli is well recognized as an indication of unsafe or poor water quality for which corrective measures should be taken. These measures include increased chlorination or water main flushing or a combination of both of these actions. Less well recognized is the possibility that an increased frequency of presumptive positive tests and/or the isolation of Aeromonas spp., Staphylococcus spp., and other indicator organisms is a sign that the water quality is deteriorating even though members of the coliform group have not been detected. Although confirmatory tests are required to detect and differentiate these other indicator organisms, these tests are relatively simple and easy to perform (4) . The additional information provided by these tests should help operators of water works to determine when simple corrective measures should be initiated before a serious water quality incident occurs. Otherwise, more costly and embarrassing corrective measures, such as the measures that accompany the issuance of a boil water order and public notification of unsafe water quality, could be necessary.
